Background and Purpose-Falls are common after stroke. Despite evidence that single and multifactorial interventions can reduce falls in older people, this issue remains relatively underexplored in stroke survivors. Effective fall prevention in this population has the potential to prevent injury, improve quality of life, and decrease the likelihood of subsequent fear of falling and activity restriction. The aim of this article was to review and integrate the research evidence relating to interventions that reduce falls after stroke. Methods-Published studies evaluating interventions to reduce falls in stroke survivors were retrieved and screened according to predetermined criteria. Included studies were independently assessed. Quality of trials was assessed using the Physiotherapy Evidence Database score. Pooling of results was undertaken for similar interventions with comparable outcomes using the inverse variance method. Results-Thirteen studies met the inclusion criteria, with pooling of results possible for only 2 types of intervention.
S
troke is one of the leading causes of disability worldwide. 1 Consequences of stroke include physical, cognitive and psychological impairments, and, often, falls. Falls are common after stroke, with between 14% and 65% of stroke survivors experiencing falls while in hospital [2] [3] [4] and up to 73% of stroke survivors experiencing a fall in the first 6 months after discharge home. 5, 6 These rates are higher than for older people in general. 6 Falls in the stroke population may result in serious injury, with fracture rates up to 4-times higher than in the general population. 7, 8 Other less obvious consequences include increased fear of falling, which potentially leads to activity restriction, further compounding physical function deficits, and increased caregiver stress. 9, 10 Therefore, fall prevention is of vital importance for stroke survivors, their caregivers, and society.
Despite the evidence indicating that single and multifactorial fall prevention strategies are effective in reducing falls in older people across a range of settings, 11, 12 there is limited evidence in relation to stroke survivors, a clinical group at high risk for falls. Impairments commonly experienced after stroke, such as leg weakness, sensory loss, foot problems, visual problems, balance problems, and continence problems, may increase falls risk. 13 Interventions addressing these issues have been shown to be effective in fall prevention in the older population, but are these interventions as effective in people with stroke? Additionally, people with stroke may have stroke-specific impairments such as neglect or inattention, which also contribute to falls risk. Examination of studies evaluating the effectiveness of a wide range of interventions directed at decreasing falls in the stroke population would provide valuable evidence on which to base practice.
To date there have been no published systematic reviews or meta-analyses evaluating falls prevention programs in the stroke population and, despite the large number of studies examining the effects of stroke-directed interventions (eg, strength training, circuit class training), it is unclear how many of these also include fall-related outcomes. Therefore, the purpose of this review was to systematically evaluate the effects of any interventions on falls in people with stroke.
Materials and Methods

Identification and Selection Criteria: Search Strategies
A systematic search of the literature was conducted in March 2009 of the following databases: Allied and Complementary Medicine, EMBASE, MEDLINE, PsycINFO, Cumulative Index to Nursing, and Allied Health Literature. In addition, Ageline, ProFANE, Physiotherapy Evidence Database (PEDro), NICE, and the Cochrane Library were searched to identify relevant studies. Before commencement, a protocol was developed and agreed on by the authors.
Search strategies relevant to the database (using MeSH headings when appropriate) were developed to identify appropriate studies. Search terms used were "stroke, cerebrovascular accident," and "accidental falls, falls, fallers, complications." A sample search strategy is included in the Appendix. Reference lists of key studies and systematic reviews were also examined to identify additional studies.
Inclusion Criteria
The inclusion criteria for studies were:
1. Study design: randomized controlled trials. 2. Participants: adult stroke survivors (aged 18 years and older) at any stage after stroke and in any setting were included. When the study included participants with conditions other than stroke, the study was included if at least 80% of patients had a diagnosis of stroke or if separate data were available for participants with stroke. 3. Intervention: all interventions that may affect falls outcome were included. This included single interventions, multiple interventions (fixed combination of interventions applied to all participants), and multifactorial interventions (Ͼ1 main category of intervention, with the particular combination of interventions based on individual assessment). 11 Interventions at the individual level (eg, balance training, exercise therapy, treatment for inattention or neglect, or medication treatments) or at a systems level (eg, models of stroke care) were included. 4. Outcomes: primary or secondary fall-related outcomes were included. Any definition of accidental falls and any form of falls measurement (eg, falls/1000 bed days, time to first fall) were included.
Exclusion Criteria
Studies were excluded if written in languages other than English. Studies also were excluded if they used only laboratory-induced falls as an outcome.
Selection of Studies/Assessment of Methodological Quality
From the initial search, titles and abstracts were reviewed to determine if each study was suitable for inclusion. Full articles were retrieved for studies that were not clearly excluded from review of the title and abstract, and they were reviewed to determine eligibility for inclusion. Once included, studies were evaluated for methodological quality according to the PEDro criteria and scoring system, which has fair-to-good reliability. 14 - 16 The PEDro scale, designed to rate methodological quality of randomized controlled trials has 11 items, 1 of which assesses external validity and does not receive a score. The remaining 10 assess internal validity and are assigned 1 point each if the criterion for that item is satisfied. One reviewer (F.B.) rated each study and this score (a maximum of 10 points) was compared with the score provided on the PEDro database, when available. If scores differed, then a second rater reviewed the studies (K.H., S.M.) and, when difference still existed, consensus was reached by discussion. For studies not rated on the PEDro database, 2 authors (F.B. and 1 other) independently rated the article quality, with a third rater used to adjudicate when ratings differed. In this way, 2 assessors independently reviewed all articles for quality. Studies achieving a PEDro score of Ն4 were considered to be of higher methodological quality, and studies rating Յ3 were considered as being of lower quality. 17 
Data Extraction
Data were extracted by 2 reviewers (F.B. and 1 other) using a customized form. When difference existed, consensus was reached by discussion.
Data Analysis
For the purpose of meta-analysis, results were combined for similar interventions with comparable outcomes (fall rate, fallers), either by using data reported in the study or by using data able to be calculated from published or unpublished data. Meta-analysis was undertaken using RevMan5 software (The Nordic Cochrane Centre, The Cochrane Collaboration). 18 The I 2 statistic was used to assess heterogeneity, 19 and a random-effects model was used when there was significant statistical heterogeneity. 20 The inverse-variance method was used for meta-analysis, with the natural logarithm of the rate ratio (for falls rate) or the risk ratio (for proportion of fallers) entered, as used in a recent Cochrane review of falls interventions for community-dwelling older people. 11 Studies were excluded from the meta-analysis if insufficient information was provided to enable faller or fall rate calculation, for example, if the duration of follow-up was not specified. If a study reported the rate ratio and 95% confidence interval (falls per person-time), then this was used in the meta-analysis. When possible, study authors were contacted to obtain or clarify data, and these data were used if the information was available. If the falls rate was not reported, then it was calculated from the raw data and the 95% confidence intervals for the ratios were calculated using a macro, and then the standard error of the rate (or risk) ratio was calculated.
Results
Search
The initial search strategy yielded 677 potentially relevant studies. Of these, 619 were rejected on title, abstract, or keywords. Fifty-eight full articles were retrieved and, of these, 45 did not meet the inclusion criteria (reasons detailed in Figure 1 ). Therefore, a total of 13 randomized controlled studies were included in the review.
The Table summarizes the general characteristics and outcomes of the included studies. Four studies used the same study population, with follow-up of participants at different 
Intervention Types
Included studies were grouped under the following themes: physical activity interventions, including balance training, exercise, strength training (4 studies); [25] [26] [27] 29 modifying the environment or improving knowledge (1 study); 28 models of stroke care, for example, comparing home rehabilitation with standard rehabilitation (amount of therapy comparable; 4 studies using the same population); [21] [22] [23] [24] and medication or treatment aimed at influencing bone mineral density (4 studies). 30 -33 No studies evaluating the effectiveness of a multifactorial falls prevention intervention in the stroke population were found.
Outcomes
Outcome measures differed between the trials in terms of fall definition, measurement, and reporting of falls.
Fall Definition
Of the 13 studies, 4 provided an explicit definition of a fall, 28, 30, 31, 33 whereas 8 provided no explicit definition. [21] [22] [23] [24] [25] [26] 29, 32 One study 27 did not define falls specifically but excluded falls that were the result of environmental factors, such as tripping or slipping. Of the 4 studies with an explicit falls definition, 3 used the same or a similar definition 30, 31, 33 (falling caused by unexpected loss of balance), and 1 defined a fall as the unintentional contact of body parts with the floor. 28 
Fall Measurement
Only 1 study used falls calendars over a period of 12 months to prospectively collect falls data. 31 Of the community-based studies, retrospective recall (self-report) over varying time periods ranging from 3 to 12 months was used. For studies based in institutions, falls data were collected by observation and report or from incident reports or hospital files in 2 studies. 26, 28 For 4 studies, the method of falls measurement was not reported. 25, 27, 29, 32 Fall Data There were differences in reporting falls data between the studies. The units of analysis included number of falls, fall rate (for example, falls per person-year or falls per bed-day), number (or percentage) of fallers, and number (or percentage) of recurrent fallers. Most studies reported raw data for number of falls and number of fallers.
Methodological Quality
The PEDro scores ranged from ten to 4 out of a maximum of 10 (Table) . The main biases were lack of blinding of therapists and participants to the intervention, lack of allocation concealment, and lack of intention-to-treat analysis.
Effectiveness
Effectiveness of interventions was considered in terms of fall rate and proportion of fallers and presented as rate ratios and risk ratios, respectively. The unpooled effect estimates and 95% CI are summarized in Figure 2 and Figure 3 . The only significant difference in effect of an intervention compared with a control was seen in the study comparing vitamin D with placebo in female stroke survivors, which found a significant reduction in fall rate and proportion of fallers in those using vitamin D. 30 For the remaining studies, no significant effect of the intervention on fall rate or proportion of fallers was found, although the results from 1 study 27 were close to being significant. Although the group difference for this study was reported as statistically significant by the authors (using 2 analysis), the result was borderline significant when data from the article were used to calculate risk ratios (95% CI, 0.16 -1.00).
Meta-Analysis
Pooling of results was possible for 3 comparisons in 2 intervention types: exercise vs usual care (fall rate, fallers) and bisphosphonate medication vs placebo (fallers). Three studies examined the effects of exercise compared with usual care; however, for the outcome of fall rate, only 2 studies 25, 26 could be pooled because 1 study reported only the proportion of fallers and not the number of falls. 29 Similarly, only 2 studies 27,29 could be included in the meta-analysis when analyzing the effect of exercise on the proportion of fallers because of lack of available data. When pooled, there was no significant effect of exercise on fall rate (rate ratio, 1.22; 95% CI, 0.76 -1.98) or proportion of fallers (risk ratio, 0.77: 95% CI, 0.24-2.43). When comparing bisphosphonate with placebo, results from 2 studies 31, 33 were combined, with no significant effect found for proportion of fallers (risk ratio, 0.95; 95% CI, 0.73-1.22). Pooling was not possible for the studies comparing home rehabilitation with conventional rehabilitation because these studies used the same study population assessed at different time points. [21] [22] [23] [24] 
Discussion
This review found few studies meeting the inclusion criteria, and pooling of results was possible for a limited number only. Limitations in the meta-analysis occurred because interventions were not comparable and reported falls outcomes were not consistent across studies.
Significant effects were found in only 1 study: vitamin D supplementation in female stroke survivors in an institutional setting, with a significant decrease found in fall rate and percentage of fallers. No significant effects were found in the remaining included studies, either individually or for pooled results.
Potential reasons for the lack of significant results may relate to the type of intervention and measurement of outcome. Most studies used single interventions, which may be effective in the nonstroke population but may not be effective in people with stroke. For most included studies, falls were measured as a secondary outcome, so studies were not powered to detect differences in fall outcomes. In addition, interventions may not have been specifically designed to reduce falls, so an effect would not be expected.
For studies with exercise as the intervention, the exercise may not have been of sufficient intensity, duration, and type to produce a significant effect. A recent meta-analysis of almost 50 falls prevention, exercise-based, randomized, controlled trials with older people identified that the exercise program needed to incorporate balance training (alone or in combination with other exercise types) and needed to have a dosage of sufficient duration and frequency (for example, at least twice per week for 25 weeks) to reduce falls. 34 Additionally, some studies met the inclusion criteria but implemented interventions that were unlikely to reduce falls. For example, bisphosphonates have an effect on bone mineral density, which is likely to decrease fracture risk but is less likely to decrease falls risk.
The likely mechanism for the effectiveness of vitamin D in this at-risk population relates to the role of vitamin D in muscle function. 35 Supplementation with vitamin D with or without calcium may contribute to increased muscle strength and also to a decreased risk of falls, either directly or indirectly. 35 The study reporting a significant decrease in falls after vitamin D supplementation also found a significant increase in muscle strength and positive correlations between muscle fiber diameter (type II) and serum 25-hydroxyvitamin D levels. 30 Although low-dose vitamin D supplementation was shown to be effective, no significant effect on falls was found in the study comparing sunlight exposure with a control, despite a significant increase in serum 25-hydroxyvitamin D in the exposed group, 32 potentially because the increase was not sufficient to have influenced muscle strength or falls risk.
As mentioned, there was considerable disparity in outcome measures, including differences in fall definition, measurement, and reporting of falls. Duration of follow-up also differed between the studies, making comparison difficult. To enable comparisons to be made, outcomes should be standardized, utilizing recommended internationally endorsed outcomes. 36 Measuring falls prospectively over a period of 12 months using monthly calendars or diaries with follow-up telephone calls is considered the gold standard when collecting falls data for community-based trials. 36 Most community- based studies included in this review used retrospective recall, which is likely to under-report falls. 37, 38 For studies based in institutions, collecting falls information from incident reports or hospital files also may have led to an underestimation of falls because of under-reporting. 39 The methodological quality of the included studies varied, with 8 studies scoring Յ6 points, indicating a reasonably high level of bias. However, it is difficult to achieve the maximum PEDro score for trials involving exercise because blinding of participants and those providing the exercise intervention is difficult. Because of this, absolute blinding of outcome assessors is of paramount importance. Of the 13 studies, 10 reported using outcome assessors who were blind to group allocation.
Conclusion
Although falls are common after stroke, there is very little high-quality evidence on successful approaches to reducing falls in this group and no published, randomized, controlled trials of multifactorial interventions specifically in this population. Current evidence suggests that low-dose vitamin D may reduce falls in female stroke survivors in an institutional setting; however, the applicability of this intervention to all stroke survivors or at earlier poststroke stages has not yet been determined.
This study highlights the need for randomized controlled trials specifically aimed at reducing falls in stroke. There is a need for commonality in the way falls are defined, measured, reported, and analyzed. The knowledge gained from appropriately designed studies evaluating multifactorial interventions that include strength and balance training, vitamin D supplementation, and strategies targeting falls risk factors, and that report comparable outcomes, will contribute to improved falls prevention and, ultimately, a reduction in falls for this high-risk population.
